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[0015] 

[Embodiments of the Invention] The invention according to 

the above first through fifth aspects is described below in sequence . 
In the method of systematically sequencing ultra-fine particles 
according to the first aspect, fine, periodic bumps/dips 2 are 
formed on a substrate 1 as illustrated in FIG. 1 or on another 
substrate. The periodic pattern may be formed so that the width 
and height of each bump/dip is constant, or the bumps/dips form 
a line or a lattice. In some cases, the period or shape of the 
pattern may be varied as required. 

[0016] To form this surface structure, if the size is 

considered up to a fine size in the nano-order, a semiconductor 
fine processing technique using electron beam rendering is used. 
Si0 2 or Si 3 N 4 is preferably used as a dielectric. The substrate 
can be a semiconductor substrate made of Si , GaAs, or InP; sapphire, 
magnesia, quartz, or other f erroelectrics ; or metal. As such, 
the substrate is not specifically restrictive, but a semiconductor 
or an oxide is preferable. 

[0017] As one example of formation, a GaAs substrate is 

applied thereon with a Si0 2 film of several tens of nanometers 
through a plasma CVD scheme, and is then processed in a lattice 
shape having a specific width at specific intervals through an 
electron beam rendering scheme. The width of each bump/dip and 
the interval are preferably both several tens of nanometers in 
process dimension. To form a particularly fine pattern, the 



electron beam rendering scheme is recommended- By using the 
substrate cut with a fine pattern as illustrated in FIG. 1 in the 
above manner, metal or semiconductor fine particles or their 
composite fine particles can be formed so as to be in a state where 
the pattern shape is reflected thereon. The fine particles are 
formed through vacuum evaporation, spattering and heat treatment . 
[0018] When an evaporated atom arrives at the substrate 

surface having thereon the fine bumps/dips 2, the atom is absorbed 
in a bump or dip portion of the bumps/dips 2. With that portion 
taken as a nucleus, the diameter of the fine particle is changed. 
Therefore, fine particles 3 are systematically formed as 
illustrated in FIG. 2 by reflecting the systematical, periodic 
surface shape. Depending on the shape of the fine pattern, a 
quantum wire having a chain of fine particles can be formed. 
[0019] Particularly in order to form a wire, the method of 

systematically sequencing ultra-fine particles according to the 
second aspect is effective . In this method, a material not soluble 
with the fine particle material is applied as a film to the above 
dip portion or the surface of the bump portion. Alternatively, 
such a film can be systematically formed directly on the substrate 1 
through a fine process. Combinations of metals not soluble with 
each other include, for example, Au4 and another metal 5, or a 
precious metal 4 and the other metal 5 (refer to FIG. 3) . These 
are possible especially with heat treatment at low temperatures. 
The systematically-sequenced fine particles formed through the 



above process may be provided with a protective layer, as required, 
for protecting these particles. 
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